The uncovered interest rate parity (UIP) 
INTRODUCTION
he central prediction of uncovered interest rate parity (UIP) is that higher interest rate currencies depreciate against lower interest rate currencies. However, the failure of this prediction to hold empirically has been documented by many studies. 1 Indeed, empirical studies often find the reverse; low interest rate currencies seem to depreciate against high interest rate currencies. This reverse finding is often referred to as the UIP anomaly or puzzle. This paper builds on the suggestion by Flood and Rose (2002) that deviations in UIP may change as foreign exchange markets become more efficient or "deepen." 2 We provide empirical findings that are consistent with the proposition that the UIP anomaly has moderated as the foreign exchange markets have grown in terms of both overall liquidity and in trading by firms that seek to arbitrage deviations in UIP.
A salient feature of the foreign exchange markets in recent years has been the large increase in trading turnover. Importantly, much of the growth in turnover has been due to the entrance of non-dealer financial firms into the market. Non dealer financial firms (i.e. mutual funds, hedge funds, currency funds, pension funds and other non-dealer financial firms) were a counterparty in almost one-half of all foreign exchange transactions in 2010, up from only a quarter of all transactions in 1995. 3 Because turnover growth reflects both improved liquidity and the increased presence of additional participants in the foreign exchange markets, we propose that foreign exchange market turnover is a good candidate for a proxy variable for market deepening.
The first task in this paper is to show that the UIP anomaly has in fact diminished over time in the six major currency pairs we examine. The second task is to use the foreign exchange market turnover data that is available over the 1995-2010 sample period to examine whether there is an empirical link between the diminution of the UIP anomaly and increased turnover in the foreign exchange markets. 
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EMPIRICAL ANALYSIS
The UIP Anomaly in the Major Currencies
We focus our analysis on six major currencies, the Australian dollar (AUD), Canadian dollar (CAD), Swiss franc (CHF), Euro (EUR), British pound (GBP), and the Japanese yen (JPY) paired against the U.S. dollar (USD). These currency pairs generate the overwhelming volume of foreign exchange transactions activity so that deviations in UIP associated with these currencies are especially important to study. In addition because these currencies are so widely used in foreign exchange deals, there is consistent data on currency-specific transactions going back to 1995.
The standard empirical formulation for testing whether UIP holds is:
Applied to our empirical analysis, ΔS t+1 is the 3-month log difference in the exchange rate in USDs per unit of foreign currency, i t and i t * are the 3-month domestic currency and foreign currency interest rates, respectively. Under the null hypothesis that UIP holds, α = 0 and β = 1. Table 1 , panels A and B, contain estimates of β for the six currencies for the early and later halves of our sample, respectively. The early sample period regressions in panel A show the classic UIP anomaly; the β coefficients on the interest rate spread in these regressions are negative and statistically significant in most cases. Table 1 , panel B, replicates panel A for the latter half of the sample period. The negative, significant β coefficients reported in panel A are no longer apparent. In five of the six currency regressions the estimated β is positive. Wald tests (not shown) of the null hypothesis that β = 1 could not reject the null in four (CAD, CHF, EUR and GBP) of the six cases. We now investigate whether market turnover is linked to these observed changes in the β coefficients. Table 1 UIP Regressions a a The ΔSk,t+1 is the 3-month change in the log exchange rate for the k th currency. i and i* are the 3-month LIBORs for the USD and the foreign currency, respectively. The observation frequency is monthly. σ is the standard error. The standard errors were estimated using the Newey-West (1987) estimator to correct for the moving average error term introduced by overlapping observations. The data were supplied by Bloomberg, the British Bankers Association, and the Federal Reserve Bank of St. Louis FRED database. The Deutsch mark (DM) was used in the EUR regressions for 1995-1999. b Significant at the 1 percent level. c Significant at the 5 percent level. 4 Because the focal point of most empirical tests of UIP has been on β, we suppress reporting the α's for brevity. In the reported regressions, the α coefficients were not significantly different than zero in almost all cases. 
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Foreign Exchange Market Turnover Data
For this study we constructed an intertemporally-consistent data series of trend foreign exchange market turnover over the 1995 -2010 period. The Bank for International Settlements (BIS) triennial central bank surveys of foreign exchange market turnover are a primary source for foreign exchange turnover data. The BIS reports turnover as the total U.S. dollar (USD) value of currency deals made during the month of April of the survey year regardless of whether settlement of the deal occurred after the end of the month. A given foreign exchange transaction is reported to the BIS as the nominal currency value of the deal converted to USDs at the exchange rate that prevailed at the time of the deal. For example, a dealer who buys British pounds (GBPs) reports the buy amount converted to USDs and the dealer that sold the GBPs reports the sale amount converted to USDs. The doublecounting that results from one dealer reporting the buy leg and another dealer reporting the sell leg of the same transaction is netted out to arrive at total average daily turnover. Total turnover includes not only spot and outright forward turnover but turnover from foreign exchange swaps and exercised options. For this study we had available the data from the 1995, 1998, 2001, 2004, 2007 , and 2010 BIS surveys.
There are two adjustments to the nominal BIS turnover data that are needed to make it comparable on an intertemporal basis. These are, first, adjusting for the effect of changing exchange rates on turnover reported in USDs, and second, adjusting for the impact of the introduction of the EUR in January 2000 and the associated disappearance of transactions between the ECU currencies.
Adjusting for changes in exchange rates is necessary because a change in the value of the USD relative to other currencies will alter reported total turnover volume whenever non USD transactions are converted to USDs. Other things equal, a trend depreciation in the USD relative to the other major currencies will increase the reported USD value of turnover, thus putting an upward bias in the turnover data. We correct for this bias by scaling the USD turnover data by the trade-weighted USD exchange rate index. 5 The trade-weighted index is effectively units 5 The Trade Weighted Exchange Rate Index of Major Currencies, TWEXMMTH, is computed by the Board of Governors of the Federal Reserve System. The currencies in the index pertain to the Euro Area, Canada, Japan, United Kingdom, Switzerland, in Billions © 2012 The Clute Institute of weighted currencies per USD and so deflates the increases in the nominal value of USD turnover due solely to depreciation in the USD. Figure 1 shows the effect of this adjustment on the BIS turnover data. The adjusted series displays slower growth reflecting the upward bias in the USD turnover data associated with the post-2001 trend depreciation in the USD against the other currencies.
The introduction of the EUR had two consequences for turnover volume. The obvious consequence was that transactions between the pre-EUR ECU currencies, such as the French franc and the Italian lira, went away. The less obvious consequence was that the volume of external transactions between the EUR and the other major vehicle currencies declined relative to the combined external transactions of the separate ECU currencies. 6 Table 2 shows the percentage of total turnover associated with the DM and the other ECU currencies in 1998 and the total turnover associated with the EUR in 2001. Based on the exchange rate adjusted total turnover of 1998, the data in table 2 imply that the EUR's introduction caused an approximately 224 billion USD decline in trading volume. 7 We revised down the 1998 total turnover volume by this amount and revised the 1995 total turnover down by 224 billion times the ratio of 1995 to 1998 total turnover to account for the fact that total turnover was lower in 1995. The main effect of the adjustment for introduction of the EUR is to lower somewhat the 1995 and 1998 turnover, and the overall impact of both adjustments is to lower actual turnover relative to the nominal turnover data. The adjusted turnover data were converted to monthly data series using the implied monthly growth rates computed over each of the periods between surveys. The LIBORs for the six currencies were used to construct interest rate spreads for each currency against the USD that correspond to the three-month LIBOR funding periods. 8 Daily data on spot exchange rates were used to construct log differences in spot rates matched to the LIBOR three-month funding periods. The observation frequency is monthly for all series so the three-month funding period data overlap and must be adjusted for in the empirical analysis using the standard Newly and West (1987) correction. The data series run from April 1995 through April 2010.
Estimated Effect of Turnover on UIP
We focus on a simple linear model of β embedded in equation (1): ΔS t+1 = α + β t (i t -i t *) + ε t+1 (2) where β t = ν + γTOTTRN t .
Australia and Sweden. The index is measured as weighted units of foreign currency per USD with 1973 = 100. The peak value of the index during our sample period, 108.7, occurred in April 2001 and the lowest value, 75.6, occurred in April 2010. 6 Hau et al.(2002) associate the decline in external transactions with higher transactions costs in early-on trading in the EUR. 7 Hau et al. (2002) calculate a 193 billion USD decline in trading volume due to the EUR. The difference in estimates is due to our use of subsequently revised turnover data for 1998 and 2001 and the adjustment for exchange rate changes. 8 LIBOR funding periods differ slightly from month to month due to value, settlement and maturity dating conventions.
TOTTRN t is average daily total turnover, and ν and γ are the coefficients to be estimated. Table 3 , panel A contains the estimates of ν and γ using aggregate total market turnover as the explanatory variable. The γ coefficients are positive and significant. Panel B of table 3 replicates panel A with currency-specific turnover replacing aggregate turnover. Again the γ coefficients are positive and are statistically significant in five of six cases. The positive values of the γ coefficients imply that growth in turnover volume can least partly explain the split-sample findings in Table 1 . That is, as turnover volume increases there is an evolution in the β t coefficients, initially negative early on, to the more positive values of β t in the later part of the sample. To see how foreign exchange turnover growth impacted the β coefficient in equation (1) over time we estimated the six currency equations as an SUR model and used the resulting estimates of ν and γ to simulate the value of β over time. Specifically the empirical model of β from the SUR is β t = -4.793 + .001842·TOTTRN t . The simulation results are shown in Figure 2 . The values of the β t coefficients using these estimates of ν and γ indicate that the value of β starts with the classic negative sign associated with the UIP anomaly in the early sample and approaches unity as the volume of foreign exchange turnover increases in the post 2001 part of the sample. 
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CONCLUSION
The empirical tests support the proposition that the observed mitigation of the UIP anomaly in six major currency pairs is related to our proxy variable for foreign exchange market deepening or efficiency. One interpretation of these results is that the high levels of turnover volume, in part due to more participation by non dealer financial entities, signals a more efficient market in the sense that possible impediments to foreign exchange market arbitrage (i. 
